INTRODUCTION
Although advances in treatment modalities have improved, the survival rate of patients with colorectal cancer (CRC) after surgical removal, 30 to 50% of patients with CRC develop a recurrence following complete surgical resection of a primary tumor [1, 2] . Distant metastasis through the hematogenous and lymphatic pathways is a major cause of disease recurrence, which has a substantial impact on patient prognosis. Micrometastasis is assumed to be the cause of metastasis in patients who have undergone curable surgical resection. Hematogenous micrometastasis has been studied in circulating tumor cells (CTCs), which shed from the primary tumor, spread through the blood stream, invade distant organs, and result in distant metastasis [3] . CTCs in patients with CRC were first detected in 1955, and many studies thereafter have focused on detecting CTCs and their clinical implications for patients with CRC [4] .
Animal studies have shown that malignant cells are shed into the blood stream during surgical manipulation of a primary tumor [5, 6] . Minimal manipulation of the malignant lesion is a generally accepted concept to reduce these micrometastases during surgery. Fisher and Turnbull [7] suggested that tumor cells are scattered by surgical manipulation. "No-touch isolation", a surgical technique involving early lymphovascular ligation before tumor manipulation, has been proposed to minimize micrometastasis during an operation [8, 9] . However, few reports In the present study, we used real-time RT-PCR to detect CEA and CK20 mRNA expression in the peripheral and inferior mesenteric vein (IMV) in relation to the time-course of CRC surgery. The purpose of the study was to assess the influence of surgical manipulation and two different surgical modalities on the presence of CTC markers in patients with curable CRC.
METHODS

Study patients
This study involved 53 consecutive patients with CRC who underwent potentially curative surgical resection in a single CRC center between January 2010 and June 2010.
Enrolled patients had been diagnosed with primary CRC, which was confirmed by colonoscopic biopsy. Cancer location was limited to the sigmoid colon and rectum.
Patients underwent either laparoscopic or open surgery.
None of the patients received chemotherapy or radiation therapy before surgery. Patients with palliative resection, prior endoscopic mucosal resection, distant metastasis, need for an emergency operation, age ＞80 years, and American Society of Anesthesiology score ＞3 points were also excluded. This study was conducted prospectively after gaining approval from the local Institutional Review Boards. All patients provided written informed consent.
Blood sample collection
Samples from the peripheral blood and the IMV were thesurgery.or.kr collected from patients at four different time-points during the peri-operative period (Fig. 1) . Blood from the peripheral vein was extracted just before skin incision (pre-operation) and immediately after closure of skin incision (post-operation). During the operation, blood samples from the IMV were obtained (pre-mobilization) before beginning the manipulation of the cancer-bearing bowel segment. Blood samples from the IMV were obtained by direct puncture of the vein with a 23-gauge needle, and the vein was then ligated (Fig. 2) . After mobilizing the cancer-bearing bowel and dividing the distal margin, post-mobilization samples were collected from the IMV distal from the ligation prior to cancer removal. To prevent any contamination of epithelial cells, the initial 10 mL of blood was discarded from all blood samples and the following 10 mL of blood, drawn using a new syringe, was used for RNA extraction. [11] . The patients were considered to have CTCs if mRNA was detected after 36 to 40 PCR cycles (threshold cycle value, Ct), which was determined through our individualized pilot study. Samples from 10 healthy volun- 
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Statistical analysis
Changes in these mRNA levels were analyzed according to collection time, surgical modality, and patient clinicopathological features. Statistical calculations were performed using SPSS ver. 17.0 (SPSS Inc., Chicago, IL, USA).
The McNemar test was used to examine differences between the detection rate in peripheral and IMV blood. Mann-Whitney U-test was used to compare continuous variables. Statistical significance was set at P ＜ 0.05.
RESULTS
Fifty-three patients were included in the study. Sampling from the IMV before or after bowel mobilization failed in 11 patients. The remaining 42 patients were included in the analysis. The clinicopathological characteristics of all patients, including age, gender, tumor size, location, stage, and lymph node metastasis, are summarized in Table 1 . between blood from the periphery and that from IMVs.
Comparison of samples from the IMV between before and after mobilization showed that the detection rate of CEA mRNA increased after mobilization (P = 0.07) (Fig. 3) .
The CK20 mRNA detection rate did not differ between pre-and post-mobilization samples. Cumulative detection rates were calculated to assess overall detection rates, resulting in a score ranging from 0 (mRNA-negative for both markers) to 1 (positive for at least one marker). The cumulative detection rates increased significantly after surgical manipulation (P = 0.032).
Comparing the samples from peripheral blood between the pre-operative and post-operative time-points revealed that the cumulative detection rates decreased significantly after surgical resection (P = 0.027). The detection rate for each individual mRNA also tended to decrease after operation compared with that before surgery, but without statistical significance (CEA mRNA, P = 0.306; CK20 mRNA, P = 0.512) (Fig. 4) . Comparing peripheral blood samples between the post-operative time-point and post-operative day 4 showed that the detection rate for mRNA markers did not decrease significantly (Fig. 5) .
To assess the effect of surgical modality, detection rates for both mRNAs were compared between the laparoscopic and open surgery groups. No differences in the detection rate were observed for either of the two markers in relation to the surgical modality (laparoscopy vs. open surgery) at any time-point ( Table 2 ). The cumulative detection rate also showed no significant difference between the two surgery groups.
DISCUSSION
The present study showed that the presence of CEA and CK20 mRNA was similar in both peripheral blood and mesenteric blood, and that mRNA detection rate in- In the past, detection of CTCs in the blood of patients with cancer was achieved by cytology, immunocytochemistry, and flow cytometry techniques. As the number of cells in the blood is as low as one CTC in 10 5 to 10 7 leukocytes, these techniques have a high specificity but limited sensitivity [11] . PCR techniques can detect trace amounts
(1/10 6 ) of cells in peripheral blood, lymph nodes, cerebrospinal fluid, and bone marrow [12] . The advantage of identifying RNA is that this technique implies that the cell is viable, because extracellular RNA is rapidly degraded, and only viable cells produce mRNA [13] . Therefore, current studies usually use RT-PCR techniques. CKs (such as CK20 and CK19), and CEA are the most commonly used RT-PCR markers for CRC. In the present study, we applied the RT-PCR assay to examine CEA and CK20 mRNA as surrogate markers to detect CRCs in the blood of patients with CRC. Great variability in CTC detection rates has been observed across studies, ranging from 4 to 57% in stage I to III CRC patients [14, 15] . These variable detection rates are caused by technical errors, different sampling time-points, and using different veins for sampling. We used two different mRNA markers and samples taken at four time-points based on the surgical procedure to minimize variability. We observed that CEA mRNA was detected in 28.6% of samples, whereas the CK20 mRNA detection rate was 50.0% from peripheral blood during pre-operative state.
Surgical manipulation has been suggested to be an aggravating factor for tumor dissemination. The impact of surgical manipulation on oncological outcome can be approached based on long-term oncological results (survival and recurrence), but the direct effect of surgery can be assessed by detecting free cancer cells in the blood. In animal studies, detached cancer cells resulting from surgical manipulation are associated with blood-borne metastases [6] .
Several human studies have also shown an association between surgical manipulation and CTC dissemination.
Intra-operative dissemination of free cancer cells during resection of colorectal liver metastases was a significant predictive factor for intrahepatic or extrahepatic tumor recurrence [16] . The number of CTCs detected in post-operative or post-dissection blood samples was significantly higher than that in pre-operative or pre-dissection blood samples in patients with curable CRC [17] . These studies suggested that surgery causes cancer cells to be shed into circulation, which consequently results in worse outcomes.
However, most of these studies obtained blood samples at one or two time-points, such as before and after surgery or before and after tumor dissection. We hypothesized that detecting mRNA markers in the blood at four different time-points (pre-operative, pre-mobilization, post-mobilization, and post-operative) would be more useful to identify a relationship between surgical manipulation and CTC dissemination. We found that the detection rate of mRNAs increased after surgical manipulation compared with before mobilization, but decreased postoperatively.
Our results highlight the unfavorable impact of surgical manipulation on the manifestation of CTC mRNA.
During the early development of laparoscopy, the oncological safety of laparoscopic surgery was a main concern regarding expansion of the laparoscopic area, although laparoscopic surgery showed the same long-term oncological outcome (survival and recurrence) compared with that of open surgery. The effect of this technique on CTCs has been evaluated in some animal and human studies to assess the safety of laparoscopic surgery. Pneumoperitoneum-induced tumor growth or dissemination of tumor cells has been described in experimental animal models [18] [19] [20] . But, Chen et al. [21] found no elevation in CTCs during laparoscopic resection, and Wind et al. [22] found that fewer CTCs were observed in laparoscopically oper- shown difference in overall and 5-year survival rates [24, 25] .
Several studies have shown that the detection rate of cancer cells in the portal or mesenteric veins is higher than that in peripheral blood [16, 22, 26] . The higher detection rate of cancer cells in drainage veins is explained by the fact that tumor cells are filtered by the action of the liver, through which tumor cells must pass before entering the systemic venous circulation. Furthermore, the large blood volume of the peripheral blood can dilute the concentration of tumor cells [9] . Unlike previous studies, we were unable to detect any difference in CTC expression rates between peripheral and IMV samples. which has only been demonstrated in a few studies [11, 15, 28] . Significant correlations have been found between poor disease-free survival or recurrence and the detection of CTCs or markers in samples obtained 2 or more days after surgical resection. Chen et al. [21] found that the late post-operative CTC level (14 days after resection), but not the peri-operative level, was highly related to disease-free survival rate. Sadahiro et al. [29] also found that detecting CTCs in blood samples taken 7 days after curative resection is an independent factor associated with recurrence. However, many studies differ in their recommendation of the time-point and method of CTC detection to predict patient prognosis. Therefore, the prognostic implications and most suitable methodology for CTC detection remain to be established. Because of our study period, we were unable to assess the association between post-operative detection of CTC markers and prognosis.
We have been continuously following up our patients and will assess the prognostic results after a sufficient follow-up period. Clearly, an international consensus on optimal CTC detection methodology and supporting largescale studies are warranted to assess the prognostic im-plication of CTCs.
In conclusion, we found that surgical manipulation in- 
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